Background/Aims: The rate of incidence and prevalence of acute kidney injury is increasing due to an increased number of patients with heart failure. Therefore it is very pertinent to early detect the level of renal injuries and to make necessary heart failure predictions. Thus the aim of this study is to determine renal functions and prognosis stratification in chronic heart failure patients and importance of Neutrophil Gelatinase-Associated Lipocalin (NGAL), an early diagnostic marker of acute kidney injury, as well as stratification of cardiovascular risk in heart failure patients. Methods: Data including age, gender, comorbidities and medical history of outpatients and hospitalized patients from Farmacology and NeuroHumoraL activation (FAR NHL) multicenter prospective registry comprising three Cardiological Centers in the Czech Republic were collected between 1st October 2014 and 30th November 2015. One-year follow-up data were collected in November 2016 in such a way that all patients had at least one-year data from the time of recruitment, but up to two years to the time of follow-up. One-year data were used for the whole set of patients while data up to 24 months were used with Kaplan-Meier's survival curves to analyse the patients' survival data. Blood samples were collected from the patients and basic parameters were evaluated in order to analyse Neutrophil gelatinase-associated lipocalin (NGAL) and plasma levels of N-terminal NeuroHumoraL activation (FAR NHL) multicenter prospective registry with available data on hospitalizations, mortality, biomarkers and one-year follow-up that were recorded, there were 439 males (80.3%) with a median age of 66 years. At least one-month stable patients with left ventricle ejection fraction (LV EF) under 50% were recorded. The etiology of heart failure was ischemic heart disease in 54%, dilated cardiomyopathy in 40% and others in 6%. 69% patients were in New York Heart Association functional class II. There were 76 events (13.9%; all-cause mortality, acute heart failure hospitalization, left ventricle assist device implantation and orthotopic heart transplant) in the first 365 days of follow-up. The area under the receiver operating characteristic curve was higher for NT-proBNP (0.77) than the creatinine (0.57), NGAL (0.55) or creatinine clearance (0.54). In multivariable analyses, NT-proBNP (P= 0.001) and NGAL (P = 0.004) were significant predictors of events. Subjects with NT-proBNP and NGAL above the cut off value (NT-proBNP 1,121 pg/ml, NGAL 80 ng/ml) survived without any event in 55.7%, subjects with NT-proBNP and NGAL under the cut off value survived without any event in 90.5%, after two years (P = 0.001). Conclusion: The findings of the study showed that NGAL associated with NT-proBNP was a stronger predictor of the primary endpoint than NGAL or NT-proBNP alone. The level of NGAL was rising in hypertension, ischemia, anemia, hypoalbuminemia, diabetes or arrhythmias.
Introduction
Heart failure with reduced ejection fraction (HFrEF) and Heart failure with mid-ranged ejection fraction (HFmrEF) are clinical syndromes characterized by typical symptoms (breathlessness, ankle swelling and fatigue) caused by structural or functional cardiac abnormality [1] . The prevalence of heart failure (HF) is approximately 1-2% of the adult population and it has risen by more than 10% among people older than 70 years [2] .
The impaired renal function has been classified as a stronger predictor of mortality in chronic heart failure (CHF) than the reduced left ventricular ejection fraction (LVEF) or New York Heart Association (NYHA) functional class which similarly predicted mortality and natriuretic peptides [3] . With the increasing number of HF patients, the acute kidney injury (AKI) is increasing in incidence and prevalence [4] . It is very important to predict and detect renal injury.
Neutrophil gelatinase-associated lipocalin (NGAL, also known as lipocalin 2, siderocalin or 24p3) is a 25-kDa epithelial monomeric protein that is covalently bound to gelatinase from human neutrophils and various epithelial cells. Its expression is up-regulated in AKI, but also during inflammation, renal and myocardial ischemia or infection [5] [6] [7] [8] [9] .
The elevation of serum creatinine is the current gold standard in diagnostics of AKI. However, the concentration of creatine level changes within 2-3 days after the diagnosis of AKI, as a result of this, serum creatinine is not a time marker of acute kidney injury, but NGAL rises within 2 hours. It makes NGAL the early diagnostic marker of AKI, and NGAL proved as one of the best markers for early diagnosis of AKI [10, 11] .
NGAL predicts all the causes of mortality and death from cardiovascular issues in a patient with chronic heart failure [12] and acts as an overall marker for the level of severity of the cardiovascular disease [13] .
Ideally, if natriuretic peptide which induces natriuresis would serve as a prognostic marker for ventricular stretch and possibly also for pulmonary congestion, it could be matched with a marker of renal injuries, such as NGAL and the combination could have been quite useful for risk stratification.
We combined N-terminal pro-brain natriuretic peptide and NGAL in CHF to stratify prognosis of patients with heart failure and ejection fraction below 50%.
Materials and Methods

Data collection and analysis
The data used in this study including age, gender, comorbidities and medical history of the patients were collected from the multicenter prospective registry of FARmacology and NeuroHumoraL activation (FAR NHL), between 1st October 2014 and 30th November 2015 in three cardiological centers in the Czech Republic with the help of heart failure specialists in the First Department of Internal MedicineCardioangiology, St. Anne's University Hospital, Brno; Department of Internal Cardiology Medicine, University Hospital, Brno and Department of Cardiology, Na Homolce Hospital, Prague.
Outpatients and hospitalized patients with at least 30 days of stable chronic heart failure for over 18 years of age with LVEF under 50% were included. Patients after Orthotopic Heart Transplant (OHT) or with Left Ventricle Assist Device (LVAD) implantation in the baseline were excluded. In November 2016, the follow-up data were collected directly from patients, hospital information systems and State Institute for Drug Control (SÚKL, Státní ústav pro kontrolu léčiv) including numbers and reasons of hospitalizations and deaths. Thus, all patients had at least one-year data from the time of recruitment, but up to two years after the time of follow-up. One-year data were used for the whole set of patients, data up to 24 months were used with Kaplan-Meier's survival curves of patient survival without presented endpoint.
The combined primary endpoint was considered to have been met if the patient experienced Acute Heart Failure (AHF) admission, all-cause mortality, LVAD implantation or OHT during the follow-up period.
As shown in Fig. 1 , out of 1095 valid records in the FAR NHL database, 19 were without follow-up data, 529 patients were without available values of creatinine, NGAL or N-terminal pro-brain natriuretic peptide (NT-proBNP).
Blood samples collection and analysis
Samples of venous blood were collected from the patients to evaluate basic parameters. Blood samples for NGAL analyses were centrifuged within 10 minutes in a refrigerated centrifuge, and the plasma and serum were stored at -80°C. NGAL was analysed using Lipocalin-2/NGAL Human ELISA kits (BioVendor, Czechia). The limit of detection was 0.02 ng/ml, calibration range was 0.3-10 ng/ml, Intra-assay CV was 7.7% and Inter-assay CV was 9.8%.
Plasma levels of NT-ProBNP were analysed using the Cobas E411 NT-proBNP Immunoassay Kit (Roche Diagnostics, Indianapolis, IN, USA).
Statistical analysis
Standard descriptive statistics was applied in the analysis; continuous variables were described by median supplemented with 5 th -95 th percentile range, and categorical variables were described by absolute and relative frequencies of categories. The association between continuous variables was evaluated by using the Spearman correlation coefficient and its statistical significance. The statistical significance of differences in continuous variables among groups of patients was evaluated by using Mann Whitney or Kruskal-Wallis test. Receiver Operating Characteristic (ROC) was performed to evaluate the individual predictive value of the marker for the combined endpoint and to determine their cutoff values. Multivariate logistic regression was computed to evaluate the combined influence of biomarkers. Kaplan-Meier's rehospitalizations and all-cause mortality curves were adopted for the visualisation of survival data; statistical significance of differences in survival was evaluated using the log-rank test. The level of statistical significance of 0.05 was used in all analyses. The analysis was computed by using SPSS 24.0.0.1 (IBM Corporation, 2017).
Results
Baseline
We studied 547 patients with available data on hospitalizations and mortality, out of whom 439 were males (80.3%). Median of age was 66 years, blood pressure was 130/80 mm Hg, heart rate was 72 per minute while the median of Body Mass Index (BMI) was 29 kg/m 2 . The rhythm in the baseline was at 65.1% sinus (n = 356), at 14% atrial fibrillation (n=80), while 20.3% of patients had stimulated rhythm (n=111). The etiology of heart failure was ischemic heart disease in 53.6% (n = 293) and Dilated Cardiomyopathy (DCM) in 39.9% (n=218). Patients were in NYHA functional class I in 12.8% (n = 70), class II in 68.6% (n=375) and classes III-IV in 18.6% (n=102).
Their comorbidities were diabetes mellitus in 40.6% (n = 222) and Arial Fibrillation (AF) in 32.9% (n=180) while 45.5% of patients (n=249) had previous myocardial infarction. Implanted Pacemaker (PM) or Implantable Cardioverter Defibrilator (ICD) was in 27.0% (n=148) of patients.
The median level of sodium was 141 mmol/L, potassium 4.5 mmol/L, albumin 43 g/L, hemoglobin 144 g/L and NTproBNP 631 pg/mL. Renal parameters were as follows: median of urea 6.0 mmol/L, creatinine 96 μmol/L, NGAL 54 ng/mL and creatinine clearance according to MDRD formula was 70 mL/min/1.73 m 2 . The baseline characteristics are given in Table  1 .
The results showed that 94% of all patients in FAR NHL received beta blockers, 88% angiotensinconverting-enzyme inhibitors or angiotensin II receptor blockers, 81% furosemide and 68% spironolactone or eplerenone [14] .
Associations between patients' characteristics and NGAL values
The higher the age of the patient, the higher the NGAL value (p < 0.001) and the lower the blood pressure, the higher the NGAL value (SBP: p = 0.003; DBP: p < 0.001). NGAL value was lower Table 1 . Baseline characteristics of patients in FAR NHL registry. Continuous variables are described by median (5th percentile; 95th percentile); categorical variables are characterized by absolute and relative frequencies. AF, atrial fibrillation; BMI, body mass index; DBP, diastolic blood pressure; DCM, dilated cardiomyopathy; ICD, implantable cardioverter defibrillator; IHD, ischaemic heart disease; LV EF, left ventricular ejection fraction; NGAL, neutrophil gelatinase-associated lipocalin NTproBNP, N-terminal pro-brain natriuretic peptide; PM, pace maker; SBP, systolic blood pressure
in sinus rhythm than in AF or stimulated rhythm (52; 62; 61 ng/mL; p < 0.001) and higher when the etiology of heart failure was ischemic (58 vs. 46 DCM, p < 0.001). NYHA functional class I patients had much lower NGAL values than higher classes (41 vs. 56 or 55 ng/mL; p < 0.001). There was no association between NGAL and gender and the weight of patient or LVEF.
Patients with diabetes mellitus, atrial fibrillation or after myocardial infarction had significantly higher NGAL values than those without these comorbidities.
Some of the patients' characteristics were highly associated with NGAL, directly proportional were other kidney characteristics namely urea and creatinine, and also NTproBNP. Inversely proportional was creatinine clearance and also albumin and hemoglobin. Associations between patients' characteristics and NGAL values are shown in Table 2 .
Follow-up data
The results of followup data showed that 13.9% of patients (n = 76) reached the primary endpoint events (all-cause mortality, AHF admissions, LVAD implantation and OHT) in the first 365 days of follow-up. Other events in the first year were all-cause death in 3.8% (n=21), OHT and/or LVAD in 2.0% (n=11) and hospitalization for AHF in 10.1% (n=55). The proportion of patients who experienced different types of events during the first year of follow-up are presented in Table 3 .
Patients without events had lower baseline NT-proBNP levels (482 pg/mL The area under the receiver operating characteristic (ROC) curve was higher for NT-proBNP (0.77) than creatinine (0.57), NGAL (0.55) or creatinine clearance (0.54). Multivariate logistic regression was performed to combine the influence of NT-proBNP and NGAL (area under the curve = 0.76) as Table 3 . Proportion of patients who experienced different types of events in the first year of follow-up (N = 547). ACS, acute coronary syndrome; AHF, acute heart failure; IHD, ischaemic heart disease; LVAD, left ventricular assist device; OHT, orthotopic heart transplant; PM, pace maker, ICD Implantable cardioverter-defibrillator NT-proBNP (pg/ml) Table 4 . Relationship between baseline biomarkers and primary end-point in the first year of follow-up (death, hospitalization for AHF, LVAD, OHT). Biomarker values are described by median (5th percentile; 95th percentile).
1 P-value of Mann-Whitney U test. AHF, acute heart failure; LVAD, left ventricular assist device; OHT, orthotopic heart transplant; NGAL, neutrophil gelatinase-associated lipocalin NTproBNP, N-terminal pro-brain natriuretic peptide
presented in Fig. 3 and 4 . The biomarkers were set at cutoff values, sensitivity and specificity as shown in Table 5 . In NGAL, the cutoff value was 81 ng/mL, the low sensitivity of 32.9% and specificity of 77.9% while in NT-proBNP, the cutoff value was 1122 pg/mL with a sensitivity of 71.1% and specificity of 70.3%. Using the cutoff values from ROC (NGAL 80 ng/ml, NT-proBNP 1, 121 pg/ml), in multivariable analyses, NT-proBNP (p = 0.001) and NGAL (p = 0.004) were significant predictors of events as shown in Fig. 5 and 6 .
Subjects with both NGAL and NT-proBNP above the cutoff values survived without any event in 55.7% while subjects with both NT-proBNP and NGAL below the cut-off value survived without primary endpoint in 90.5% after two years (p = 0, 001) as shown in Fig. 7 . 
Discussion
This paper summarizes the baseline characteristics of patients with heart failure with reduced ejection fraction from three university hospitals in the Czech Republic and the data from follow-up made in one year after finishing of recruitment in such a way that some patients had data that were up to two years of follow-up from beginning of recruitment. Table 5 . ROC analysis of biomarker abilities to predict primary outcome in the first year of follow-up. In the recently published European ESC-HF-LT registry, comparison of acute and chronic heart failure with mortality from all causes was 6.4% for chronic heart failure, in contrast to the much lower value of 3.8% in our registry. The number of those that were hospitalized in one year due to heart failure was compared to the numbers in the European registry (9.9%) and FAR NHL (10.1%). There were large differences between various regions in Europe where the lowest mortality rates were in the southern and western Europe with 6.9 and 7.6% respectively [15] . In our registry, even if mortality (3.8%) was added to patients that underwent OHT and / or LVAD implantation (2.0%), we would still have the lowest mortality rate in CHF patients, though, we had more severe patients waiting for OHT.
In FAR NHL registry, there was a very high ratio between men and women (80.3% vs. 19.7%) and even in clinical trials, CHF always predominated in men. In Brno transplant center, where one of the inclusion criteria for heart transplantation is age greater than 65 years, women at this age were far less represented than men in the heart failure group with the aetiology of ischemic heart disease. In women, ischemic heart disease was more prevalent at older age. A similar representation of men and women is reported in the MERIT-HF study [16] .
Our registry had one group of patients with LVEF less than 50% after the conclusion of recruitment. Based on HF guidelines, patients were separated into two groups, namely heart failure with reduced ejection fraction (HFrEF) and heart failure with mid-ranged ejection fraction (HFmrEF). A Swedish study shows that stage of Chronic Kidney Disease (CKD) is far more associated with the death of patients than with these patients (HFrEF and HFmrEF) and than with heart failure with preserved ejection fraction (HFpEF) patients [17] . Therefore, these patients from our registry with ejection fraction less than 50% were not divided into these two categories.
As a Dutch study shows that renal function is a better predictor of mortality in patients with advanced CHF than the reduced LVEF or NYHA class, it similarly predicts mortality with natriuretic peptides [3] . According to another Dutch study, the largest association with the mortality of patients with heart failure is renal function and natriuretic peptides [18] . So we chose renal biomarker NGAL and NT-proBNP to try the prediction of events in CHF.
Recently, a small single-centre retrospective study from Turkey also shows that plasma NGAL levels can be reliably used in patients who underwent on-pump CABG for early diagnosis of kidney dysfunction [19] . In a group analysis of cardiac surgery patients, the highest NGAL values were associated with greater odds of advanced AKI, but not linear. The elevated level of NGAL in other kidney biomarkers predicted the outcomes of hospitalization and increased mortality regardless of the presence of advanced AKI [20] . In a retrospective log-rank test: p < 0.001
Survival without primary endpoint
Fig. 7.
Primary endpoint (death, hospitalization for AHF, OHT or LVAD) according to NGAL and NT-proBNP in chronic heart failure patients (FAR NHL).AHF, acute heart failure; LVAD, left ventricular assist device; OHT, orthotopic heart transplant; NGAL, neutrophil gelatinase-associated lipocalin NT-proBNP, N-terminal pro-brain natriuretic peptide. study of NGAL and AKI association in cardiac arrest survivors, NGAL level at 48 hours was a more significant predictor with a higher area under ROC than NGAL level after the return of spontaneous circulation. Both NGAL levels were associated with a high stage of AKI [21] . This tells us that NGAL plasma levels change rapidly after a few hours of an event (cardiac arrest, in this case). There were more significant values after 48 hs but the NGAL level at 48 h was also a significant predictor of mortality in this study.
In the GISSI-HF study, urinary NGAL is primarily associated with higher mortality risk, but not with a higher incidence of HF hospitalizations. This seems to be consistent with the knowledge that NGAL may be a less specific tubular marker and is more a marker of the overall (cardiovascular) severity of the disease. Conversely, other new renal markers (NAG and KIM-1) showed a similar mortality and hospitalization risk estimation [13] .
In a Dutch study, loop diuretics were discontinued for 72 h in stable CHF patients and the levels of the novel and standard renal biomarkers were measured while urinary and serum NGAL as the only renal biomarker was not significantly changed. This makes NGAL a marker independent of congestion [22] . In our stable patients with no congestion, NGAL level was significantly higher, as well as the level of NT-proBNP. This could be caused by the elevation of both markers when other comorbidities are present.
NGAL had low sensitivity and high specificity in our registry. This is probably due to the rise in NGAL in patients with other chronic diseases such as tumors, stroke, hypertension, systemic inflammatory diseases, anemia and ischemia [23, 24] .
In the study of Maisel et al. (GALLANT) , it was reported that the levels of NGAL combined with a natriuretic peptide are prognostic for adverse outcomes in AHF [25] . When compared FAR NHL Kaplan-Meier plot of events for NGAL and NT-proBNP that contains CHF patients (Fig. 7) to GALLANT study Kaplan-Meier plot with AHF patients, there were some similarities. In both studies, the highest survival rate without primary endpoint was at the values of both biomarkers (NGAL and natriuretic peptides) below the cutoff values. The low survival rate was at the levels of both biomarkers higher than cutoff values. However, the other two curves were different. While there were higher survival rates for AHF (GALLANT) patients with NGAL lower than the cutoff value and natriuretic peptide higher than the cutoff value, it is the opposite in the case of CHF (FAR NHL). This indicates that NGAL might be a more significant marker in AHF and natriuretic peptides might be a more significant prognostic marker in CHF.
In the CORONA study with rosuvastatin in CHF elderly patients of ischemic etiology receiving standard pharmacological treatment, serum NGAL has shown to be predictive of overall mortality and death from cardiovascular causes. Anyway, other markers may have more prognostic information [12] . In FAR NHL, there were higher rates of dilated cardiomyopathies and more severe heart failure due to the inclusion of the First Department of Cardioangiology, St. Anne's University Hospital, Brno, which is one of two centers in the Czech Republic involved in heart transplantation. Therefore, we had over 40% of dilated cardiomyopathy in our registry. NGAL was significantly higher in ischemic etiology than in dilated cardiomyopathy, therefore a lower cutoff value was considered in these patients.
Recent study showed that multiparametric or multi-biomarker approach is the best method to stratify prognosis. In a long-term registry of chronic heart failure, patients with reduced ejection fraction were compared to multiparametric prognostic scores, and the MECKI (Metabolic Excercise test data combined with Cardiac and Kidney Indexes) score was superior to other tested scores [26] . Also, regarding our registry, NGAL should be included in the multi-biomarker approach to set prognosis more precisely.
A current article [7] summarizing information on biomarkers of renal impairment and function stated that these markers have prognostic information but are not always additive to established markers of renal function. Their role in the prediction of renal impairment is limited at best. This also applies to NGAL in our registry where NGAL alone had only a small additive value but in conjunction with NT-proBNP, it had a better ability to predict events. At present, the best evidence is still for serum creatinine in combination with glomerular filtration. Current renal biomarkers can determine cardiovascular risk, but the therapy will not change according to the level of these biomarkers.
Recent publications also presented at Heart Failure Congress in Vienna 2018 showed that the biomarker-guided therapy recommended by American Heart Association [27] , based on a golden biomarker of heart failure natriuretic peptides in AHF patients, has failed. The PRIMA II trial (Can NT-ProBNP-Guided Therapy During Hospital Admission for Acute Decompensated Heart Failure Reduce Mortality and Readmissions?) demonstrated that the guidance of HF therapy to reach an NT-proBNP reduction of >30% after clinical stabilization did not improve 6-month outcomes [28] . The trial should continue and we should wait for a longer follow-up. More trials should be made to set the appropriate approach to the biomarker-guided therapy.
A recent study presented in Heart Failure Congress in Rome 2017 showed that patients with elevation of serum creatinine at the end of intravenous diuretic therapy of hospitalized acute heart failure have a better outcome than patients without elevation of serum creatinine [29] . It was explained that these patients are at the end of hospitalization and better compensated with less residual fluid congestion. And as we know, NGAL level is almost 48 h earlier as a biomarker than creatinine [10, 11] , so it could be more useful for setting the time for the end of intravenous diuretic therapy.
Conclusion
The findings according to FAR NHL showed that both creatine and NGAL had a poor ability to predict a one-year primary endpoint (all-cause death, hospitalization for AHF, LVAD or OHT). NGAL in conjunction with NT-proBNP was important for the stratification of the primary endpoint. For chronic heart failure, the prognostic significance of NT-proBNP was prominent. NGAL could be higher when other comorbidities such as hypertension, diabetes mellitus, ischemic heart disease, anemia, hypoalbuminemia, arrhythmias, or stimulated rhythm are present.
Limitations
The FAR NHL cohort is a Czech multicentric prospective cohort which might not resemble the heterogeneity of the European patient population. There could be variations between the three different hospitals, especially St. Anne's University Hospital treats patients before OHT, so there were more severe heart failure patients than in the other two centers. This might influence the outcome and prediction. Basic laboratory measurements including NT-proBNP were not performed in a core laboratory and are subject to between-laboratory variability. NGAL levels were performed in one laboratory.
All the patients were Caucasian which reflects the population of the Czech Republic. It limits the generalizability of the models.
We assessed plasma NGAL, rather than urinary NGAL, which might be more affected by specific confounders, such as bacterial infection, the presence of cancer or chronic obstructive pulmonary disease, and inflammation while we had the advantage of the easy collection because plasma had already been collected in the clinical setting.
Patients were enrolled only from among those admitted to cardiology wards or seen in cardiology outpatient clinics, thus not considering HF patients seen in other units, such as emergency or other clinics and departments.
Finally, because of the short follow-up of the registry, the long-term changes were much expressed. We plan additional collection of the follow-up data in three years after registration.
